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Indian Standard 

SPECIFICATION FOR 

STEELS FOR COLD HEADING/COLD 

EXTRUSION APPLICATIONS 

PART 1 WROUGHT CARBON AND LOW ALLOY STEELS 
0. FOREWORD 

0.1 This Indian Standard ( Part I ) was adopted by the Indian 
Standards Institution on 31 December 1984, after the draft finalized by 
the Alloy Steels and Special Steels Sectional Committee had been 
approved by the Structural and Tvietals Division Council. 

0.2 There had been a long-felt need for a standard indicating and 
stipulating the various requirements for cold-heading quality steels. 
This standard is meant to satisfy that need. It is obvious that both the 
manufacturers and the purchaser of the cold-heading quality steels shall 
drive the benefits from such standard. 

0.3 This standard ( Part 1 ) does not cover stainless steels which will be 
covered in Part 2. 

0.4 For the benefit of the purchaser ^ an inform_ative appendix ( see 
Appendix A ) giving particulars to be specified, while ordering for steel, 
has been included. 

0.5 This standard contains clauses 4.1.1, 4.1.2.1, 4.2, 7.3,9.1 and 11.1 

which call for the agreement between the purchaser and the manufac- 
turer, and permit the purchaser to use his option for selection to suit his 
requirements. 

0.6 This standard keeps in view the manufacturing and trade practices 
followed in the country in this field, and due weightage has been given 
to international co-ordination among the standards. 

IS : 1570-1961 Schedules for wrought steels for general engineering 
purposes 

IS : 4432-1967 Specification for case hardening steels 

IS : 5517-1978 Steels for hardening and tempering {first revision ) 

ISO 4954 Cold heading and cold extruding. International 
Organization for Standardization. 
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0.7 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, 
expressing the result of a test or analysis, shall be rounded off in accord- 
ance with IS : 2-1960*. The number of significant places retained in 
the rounded off value should be the same as that of the specified value in 
this standard. 



1. SCOPE 

1.1 This standard covers the requirements for wrought carbon and alloy 
steels which are intended for cold heading/cold extrusion and are 
delivered as wires, wire rods or bars having a diameter of 2 to 100 mm. 

1.2 This standard covers the following groups of steels: 

a) Steels not intended for heat treatment { Table 1 ), 

b) Steels for quenching and temperingt ( Table 2 ), and 

c) Case hardening steels ( Table 3 ). 

1.3 This standard is not applicable to the properties of cold headed 
parts. 

2. SUPPLY OF MATERIALS 

2*1 General requirements relating to the supply of material shall conform 
to IS : 1387-1967J. 

2*2 Steels covered by this standard shall be ordered and delivered on 
any one of the following basis: 

Requirement Types of Condition of Delivery 



Chemical composition 
Hardenability 
Hardness in the condition 
of delivery 

Mechanical properties in 
as-delivered condition 

UTS and percent RA 
Cold up-setting test 
Surface defect level 



A 


B 


c 


D 


E 


"f 


X 


X 


X 


X 


X 


X 


— 


— 


X 


X 


X 


X 


— 


— 


X 


— 


— 


__ 



X 


— 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 



♦Rules for rounding off numerical values ( revised ). 

fBoron treated. 

JGeneral requirements for the supply of metallurgical materials. 
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Requirement Types of Condition of delivery 

A B C D E F 

Microstructure 

a) Decarburization — — — — X X 

b) Degree of spheroidization — — — — — X 

c) Grain size — X — — — X 

Note 1 — Cold upsetting test is not applicable for products having a diameter 
below 5*5 mm, for which suitable alternate test like revene torsion test may be agreed 
to between the supplier and the manufacturer. 

Note 2 — Hardenability could refer to either End quenched Jominy values or 
core Hardenability as per Appendix C, However, the type of test must be agreed to 
at the time of enquiry and order. 

3. MANUFACTURE 

3.1 Steel shall be manufactured by the open hearth, electric, basis oxygen 
or in combination with secondary steel making facilities. 

3.2 Steel ingots with a minimum cross-section area of 200 X 200 mm 
shall only be used and there should be sufficient reduction from the ingot 
to the finished stage. 

3-3 For con-cast billets, a minimTim reduction ratio of 20 : 1 shall be used 
from cast billet to the finished product. 

3.4 The material from either the ingot or the con-cast route shall be free 
from central segregation, looseness, dendritic structure, casting inhomo- 
geneity, internal cracks, pipes and other harmful defects, which shall be 
agreed to between the supplier and the purchaser. 

3.5 The semis or con-cast billets should be suitably inspected by macro- 
etching, ultrasonic testing, etc, to guarrmree that the rolled product is 
free from surface and internal defects and is sufficiently compact. 

3.6 The reduction ratio or ingot size, other than mentioned in 3.2 
and 3.3 may also be used subject to agreement between the supplier and 
the purchaser. 

4. CHEMICAL COMPOSITION 

4.1 The ladle analysis of the different grades of steel when carried out 
either in accordance with relevant parts of IS : 2^8* or any other estab- 
lished instrumental/chemical method should conform to the values given 
in Tables 1 to 3. In case of dispute the procedure given in IS : 228* and 
its relevant parts shall be referee method. 

4.1.1 For cases where the methods of chemical analysis is not covered 
by IS : 228*5 mutually agreed methods may be adopted by the manufac- 
turer and the customer. 



*Methods of chemical analysis of steels ( second revision ), 
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4.1.2 The sulphur and phosphorus contentSj except in the case of free 
cutting steels snail foe as foiiows: 

S -- 0-035 Max 
P = 0-035 Max 

4.1.2.1 Other combination of sulphur and phosphorus can be 
mutually agreed to, if so desired. 

4,L3 The nitrogen content of the material when ordered in rimmed 
condition shall be below 0-008 percent, 

4*2 Elements not specified in Tables 1 to 3 shall not be added to the steel 
except where agreed to, other than for the purpose of finishing the heats 
and shall not exceed the following limits: 

Constituent Max Content, Percent 

Cr 015 

Ni 0-15 

Cu 0-15 

Sn 0-02 

Mo 0-05 

V 005 

However, total of these elements shall not exceed 0'40 percent. 

4.3 The permissible variation in the ease of product analysis from the 
limits specified in Tables 1 to 3 shall be according to Table 4. 

4.4 Steels of Table 1 may be ordered as rimming, semi-killed or killed 
with silicon or aluminium or both. 

5. ORDERING FOR DELIVERY 

5.1 Steels shall be supplied in any one of the following conditions as 
agreed to between the purchaser and the manufacturer: 

a) in the as-rolled condition, 

b) in the as-rolled and spherodize-annealed condition, 

c) in bright drawn condition with or without annealing, 

d) in the peeled and/or centreiess ground condition with or without 
annealing, and 

e) in drawn annealed and coated condition. 

6. DIMENSIONS AND TOLERANCES 

6.1 The nominal dimensions of the bar wir^ rod or wire shall be as 
specified by the purchaser. 
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TABLE 1 SPECDFIED CARBON AND MANGANESE CONTENT FOR 

COLD HEADING QUALITY STEELS NOT INTENDED 

FOR HEAT TREATMENT 



Mn, Perceijtt 

0-40 Max 
0-50 Max 
0*50 Max 
0-3Q-0'60 
0-40-0-70 
0-30-0-60 
0*60-0-90 
0*60-0-90 
0-30-0-60 
0'60-0-90 



Note 2 — In special cases, it may be desirable that the range of carbon and silicon 
content shall be more closely controlled. When this is necessary, restricted ranges 
of carbon and carbon silicon may be agreed to between the supplier and the 
purchaser, in which case any specified mechanical properties shall also be subject to 
agreement. 





( aauj« 4.1, 4.2, 4.3 anrf 4.4) 


Designation 


C, Percent 


4G2 (C04) 


0-08 Max 


5G4 (C05) 


0-10 Affix 


7G4 (C07) 


^-nMax 


10C4 ( CIO ) 


0'15Af«;c 


1406 (C14) 


0-10.0-18 


15C4 (C15) 


0-20 Max 


15C8 (C15Mn75) 


0-10-0-20 


20C8 (C20) 


0-15-0-25 


25C4 (C25) 


0*20-0-30 


25C8 (C25Mn75) 


0'20-0-30 


Note 1 — Any of the 


above steels can be ordered in \ 


condition. 





TABLE 2 SPECIFIED CHEMICAL COMPOSITION OF COLD HEADING 
QUALITY STEELS FOR QUENCHING AND TEMPERING 

( Clauses 4.1, 4.2 awrf 4,3 ) 

Constituent, Percent 



Steel 
Designa- 
tion (Old 
Designa- 
tion ) 

20C8 

25C8 

30C8 

(G30) 

35C8 

( 35Mn75 ) 

40G8 

(G40) 



Mn 



Si 



0-15 to 


0-60 to 


— 


0-25 


0-90 




0'20 to 


0-60 to 


— 


0-30 


0-90 




0-25 to 


0-60 to 


0-10 to 


0-35 


0-90 


0-35 


0'30 to 


0-60 to 


0-10 to 


0-40 


0-90 


0-35 


0-35 to 


0*60 to 


0-10 to 


0-45 


0-90 


0-35 



Ni 



Cr 



Mo 



B 



( Continued ) 
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TABLE 2 SPECIFIED CHEMICAL COMPOSITION OF COLD HEADING 


QUALITY STEELS FOR QUENCHING AND TEMPERING — Contd 


Stekl 






GONSTITUENT, PERCENT 






Designa- 
tion ( Old 
















G 


Mn 


Si 


Ni 


Gr 


Mo 


B 


Designa- 
















tion ) 
















45C8 


0-40 to 


0-60 to 


0*10 to 


^^ 





— 





(C45) 


0-50 


0-90 


0-35 










20G15 


0-16 to 


1-30 to 


0-10 to 


— 


— 


— 


— 


( 20Mn2 ) 


0-24 


1*70 


0-35 










27C15 


0-22 to 


1-30 to 


0-10 to 


— 


— 


— 


— 


( 27Mn2 ) 


0-32 


1-70 


0-35 










37C15 


0-32 to 


1-30 to 


0-10 to 


— , 


— 


— 


— 


( 37Mn2 ) 


0-42 


1-70 


0-35 










35Mn6Mo3 


0-30 to 


1*30 to 


0-10 to 


— 


— 


0-20 to 


— 


( 35Mn2Mo28 ) 


0-40 


1-80 


0-35 






0*35 




35Mn6Mo4 


0-30 to 


1-30 to 


0-10 to 


— 


— 


0*35 to 


— 


( 35Mn2Mo45 ) 


0-40 


1-80 


0-35 






0*55 




40Cr4 ~" 


0*35 to 


0-60 to 


0-10 to 


— 


0*90 to 


— 


— 


( 40Crl ) 


0-45 


0-90 


0-35 




1*20 






40Cr4Mo3 


0-35 to 


0-50 to 


0-10 to 


— . 


0-90 to 


0*20 to 


— 


(40CrlMo28) 


0-45 


0-80 


0-35 




1-20 


0*35 




?5Crl3Mo6 


0-20 to 


0-40 to 


0*10 to 


. 


2-90 to 


0-45 to 


— 


{ 25Cr3Mo55 ) 


0*30 


0-70 


0*35 




3-40 


0-65 




40Nil4 


0-35 to 


0-50 to 


0*10 to 


3-20 to 


0-30 


— 


— 


■( 40Ni3 ) 


0-45 


0-80 


0*35 


3*60 


Max 






35Ni5Cr2 


0-30 to 


0-60 to 


O'lOto 


1*00 to 


0*45 to 


— 


— 


( 35NilCr60 ) 


0-40 


0-90 


0*35 


1*50 


0*75 






30Nil3Cr5" 


0-26 to 


0-40 to 


0*10 to 


3-90 to 


1*10 to 


— 


— 


( 30Ni4Grl ) 


0*34 


0-70 


0*35 


4-30 


1-40 






21G10BT* 


0M8to 


0-8 to 


0*15 to 


— . 


— 


— 


0-000 5 to 




0-23 


1-1 


0*30 








0*003 


26C10BT* 


0-23 to 


0-90 to 


0*15 to 


__ 


— 


— 


0*000 5 to 




0-29 


1-2 


0-30 








0*003 


34G14BT* 


0*32 to 


1-20 to 


0*15 to 


— 


— 


— 


0-000 5 to 




0-37 


1*50 


0-30 








0-003 


38Cr4Mn2BT» 


0-35 to 


0-30 to 


015 to 


— , 


0-95 to 


— 


0-000 5 to 




0*40 


0'50 


0*30 




1*15 




0*003 



Note I — In special cases, it may be desirable that the range of carbon silicon 
content should be more closely controlled than in the ranges specified above. When 
this is necessary, restricted ranges of carbon and silicon may be agreed to between the 
purchaser and the manufacturer. 

Note 2 — For the boron treated steels restriction of Mn and Gr may be agreed to 
between the purchaser and the supplier. 

Note 3 — Elements not quoted in the above table shall not be intentionally added 
to the steel without agreement of the purchaser other than for the purpose of finishing 
the heat. AH reasonable precautions shall be taken to prevent addition from scrap 
or other materials used in the manufacture of such steels which effect the harden- 
ability, mechanical properties and applicability. 

♦Suffix BT indicates Boron treated steel. 
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TABLE 3 CHEMICAL COMPOSITION OF CASE HARDENING STEELS 

{Clauses ^.1,4^.2 and 4,3 ) 

Constituent, Pekcent 

A __., 

Gr 



Steel 
DBSiGisr\Tio>r 



Ni 



Mo 



C-50-0-80 
0'80-MO 
1-00-1*30 



G Si Mn 

0-15 Max 0-05-0*35 0'30-0-60 

0-10-0'18 0-05-0-35 0*40-0-70 

0-16 Max 0-10-0-35 l-30-l*70 

0-10-0-20 0' 10-0*35 C*60-0-9r0 

0-12-0-18 0-10-0*35 0-40-0'60 

0-14-0-19 0*10-0*35 1*00-1*30 

0- 1 7-0*22 0* 10-0*35 1*00- 1*40 

0-12-0-20 010-0-35 0-60-1*00 0-60-1*00 0-40-0*80 — 

012-0-20 0*10-0*35 0*60-1'00 0-80-l'20 0*60-1-00 — 

0' 10-0- 15 0-1 0-0-35 C«40-0*70 3'00-3-50 0-60-1*00 — 

0-12-0-18 0-10-0-35 0'4C-0-70 3'80-4*30 l'00-l-40 — 

0-17-0-22 0*10-0 35 0-45-0-70 1*65-2-00 — 0*20-0*30 

0-18-0*23 0-10-0-35 0-70-0-90 0-40-0-70 0*40-0*60 0*15-0*25 

0-12-0-18 0-10-0-35 0*60-1-00 I'OO-l'SO 0*75-l'25 0*08-0-15 



10C4 
_( CIO ) 
14G6 
(CH) 

11C15 
(llMn2) 

15C8 

( Cl5Mn75 ) 

15Gr3 

( l5Cr65 ) 

16Mn5Gr4 

( I7MnlGr95 ) 

20MnCr5 
( 20MnGrl ) 

l6Ni3Gr2 

( 16Ni80Cr60^) 

16Ni4Cr3 

( 16NilCr80) 

13Nil4Gr3 
( l3Ni3Gr80 ) 

15Ni5Cr5 
( 15Ni4Crl ) 

20Ni7Mo2 
( 20Ni2Mo2_5 ) 

20NiCrMo2 
( 20Ni55Cr50^ 

Mo2^) 

15Ni5Cr4Mol 
( 15NiCrlMol2_) 

l5Ni7Gr4Mo2 0' 12-0*18 0-10-0'35 0*60-1*00 1*50-2*00 0*75-1*25 0*10-0-20 

( l5Ni2CrlMol5 ) 

16Ni8Gr6Mo2 0-i2-0-20 0-10-0*35 0*40-0-70 1*80-2*20 1*40-1*70 0*15-0*25 

( i6NiGr2Mo20^) 

Note — In special cases, it may be desirable that the range of carbon and silicon 
content should be more closely controlled than in the ranges specified above. When 
this is necessary restricted ranges of carbon and silicon may be agreed to between 
the purchaser and the manufacturer. 
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TABLE 4 PERMISSIBLE VARIATION BETWEEN SPECIFIED 
ANALYSIS AND PRODUCT ANALYSIS 

( Clause 4S) 



Constituent 


Limit Shown in Tables 1, 2 and 3 
FOR Content in the Laddle 
Analysis, Percent 


Permissible 
Deviations 

Percent* 




Over Up to and 
^ ncluding 




Carbon 


— 0-030 
0-030 0-20 
0-20 0-60 


+ 0-005 

±0-01 

±0-02 


Silicon 


— 0-15 

0-15 0-45 
0-45 1-00 


H- 0-03 
- 0-00 
± 0-03 
±0-05 


Manganese 


~ I'O 
1-0 2*0 


±0-04 

±0-05 


Nickel 


— 1-0 

1-0 5-0 

5-0 10-0 

10-0 14-0 


±0-05 
±0-07 
± 0-10 
±0-15 


Chromium 


— 2-0 

2-0 . 10-0 

10-0 15-0 

15-0 20-0 


± 0-05 
±0-10 
±015 
±0-20 


Molybdenum 


0-10 0-60 
0-60 1-75 
1-75 3-0 


± 0*03 
±0-05 
± 0-10 


Aluminium 


— 0-30 


+ 0-05 


Boron 


-- — 


± 3 ppm 
— ppm 



*± means that in one cast the deviations may occur over the upper value or under 
the lower value of the specified range in Tables I, 2 and 3 but not both at the same 
time. 
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6.2 The tolerance and out-of-roundness of the bars/wire rods/wire shall 
be as follows: 



Delivery Condition 



ToUrance 



1 



As'Tolled condition 

As-rolled and sphero- J^ IS : 3739-1972* 

dize annealed condition J 



Out- of- Roundness 
IS : 3739-1972* 



Bars in other conditions IS : 9550-1980t IS : 9550-19801 



Wire rods up to 25 mm ± 0*25 "| 
Wire rod over 25 mm to db 0'30 f 
40 mm J 



80 percent of diameter 
tolerance 



Wire As agreed to between the purchaser and 

the supplier 

j^oTE — For wire rods, more relaxed tolerances may be agreed to between the 
purchaser and the supplier when so required. 

7, FREEDOM FROM DEFECTS 

7.1 The steel shall be free from internal and surface defects likely to 
have an adverse effect during cold heading or subsequent heat treatment, 

7.2 The bars and wires, shall be normally subjected to any non-destructive- 
test capable of revealing all the surface defects which would lead to 
rejection of the material on the basis of mutually agreed standard of 
acceptance. 

In the absence of any non- destructive test, adequate number of 
samples shall be tested by macro-etching/microscopic examination and 
the acceptance surface defects level shall be as given below: 

Defect Depth ( mm )^ Max 

0-06 
008 
010 
0-12 
0*15 
To be mutually agreed 

♦Dimensional tolerances for carbon and alloy constructional steel products. 
fSpecification for bright bars. 



O.D. { mm ) 


2-6 


7-10 


11-15 


16-20 


21-30 


31-100 
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7.3 To ensure the freedom from defects harmful for cold heading 
products the purchaser may ask a cold heading test to be performed on 
representative samples of the supply lot. When such a test is agreed to, it 
shall be conducted as per Appendix B. 

7A The material should be free from harmful microscopic defects like 
dendrities, blowholes, porosity, segregation, flakes, etc, which may impair 
the intended application of the material. A macro-etch test shall be 
performed to ensure freedom from such defects [ see IS : 7739 ( Part 5 )- 
1976*]. 

7.5 The peeled or centreless ground material should be free from any 
decarburization. In all other conditions of delivery the depth of 
decarburization shall be as given below whilst being totally free from 
completely ferritic decarburized zone: 

Permissible Depth of Ferritic-Pearlitic 
Decarburization in the Condition^ 

G+AC Untreated or 

or G+AG + IC AG 

mm mm 

0-10 0-12 

0*12 0-15 

016 0-20 

20 0-25 

0-24 0-29 

( 0-007 X d )+0-05 ( 0*009 x^ )+0-05 

Note 1 — Decarburization shall be checked on 4 points of cross-section and the 
average reading shall not exceed the above limits. 

Note 2 — If in special cases other values for the permissible depth of the ferritic 
pearlitic decarburization are required, these shall be specially agreed at the time of 
the enquiry and order. 



Diameter 
d 


From 
mm 


--* . 

Up to 
mm 




8 


8 


12 


12 


17 


17 


23 


23 


27 



♦Code of practice for preparation of metallographic specimens: Part 5 Iron andsteeU 
tThe steels are usually delivered in one of the following heat treated conditions: 
Annealed AC 

Annealed and peeled AG + P 

Cold drawing and annealed C + AC 

Cold drawn and annealed and lightly 

Cold reduced { for example with a C-l- AG+IC 

reduction of 5 percent ) 
Cold heading and cold extruding case hardening steets are ako delivered in 
the untreated condition, mainly to drawing shops. 
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8. HARDNESS 

8.1 The maximum hardness for products delivered in annealed condition 
when determined in accordance with IS : 1500-1983* shall be given in 
Table 5. 



TABLE 5 MAXIMUM HARDNESS FOR PRODUCTS DELIVERED IN THE 
ANNEALED CONDITION 


Step^l Designation 


Bbinell 
Hardness, 
Max 
HBS 


Steel Designation 


Bbinet.l 

Habdnejjs 

Max 

HBS 


4C2 


120 


25Grl3Mo6 


190 


5G3 


120 


40Nil4 


190 


7C3 


120 


35Ni5Gr2 


190 


10C4 


130 


30NiI3Gr5 


200 


14C6 


140 


11C15 


170 


15C4 


140 


15Gr3 


140 


15C8 


140 


16Mn5Gr4 


160 


20C8 


150 


20MnGr5 


170 


25G4 


150 


16Ni3Cr2 


160 


25C8 


150 


16Ni4Gr3 


180 


30G8 


160 


13Nil3Cr3 


190 


35C8 


160 


15Ni5Gr5 


200 


40C8 


170 


20Ni7Mo2 


180 


45C8 


170 


20NiCrMo2 


180 


20G15 


170 


15Ni5Cr4Mol 


180 


27C15 


190 


15Ni7Cr4Mo2 


180 


37G15 


190 


16Ni8Gr6Mo2 


190 


3DMn6Mo3 


190 


21G10BT 


160 


35Mn6Mo4 


190 


26G10BT 


160 


40Cr4 


200 


34G14BT 


190 


40Gr4Mo3 


200 


38Cr4MVV2BT 


20© 











♦Method for Brinell hardness test for metallic materials ( second revision ). 
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9. MECHANICAL PROPERTIES 

9.1 The mechanical properties of the steel in any particular condition of 
supply shall be according to the agreement between the purchaser and 
the manufacturer. 

9.1.1 The mechanical properties including U.T.S. and reduction of 
area in the as-delivered condition shall be subject to agreement between 
the contracting parties. 

9.2 Should the customer ask for it the steels specified in Tables 2 and 3 ' 
shall be capable to satisfying the requirements for following recommended 
mechanical properties in the heat treated ( quenched and tempered ) 
condition: 

Brinell hardness ( see IS : 1500-1983* ) 
Ultimate tensile strength '\ 

0-2 percent proof stress ( for steels of ' ^^ ^^^ t^. . i^no 1Q70X 
Table 2 only ) _ \ ^^ P^^ ^^ * 1608-1972t 

Elongation ( on 5'65'v/y4 ) J 

Izod impact strength ( as per IS : 1598- 1977 J ) 

9.2.1 The requirements for the mechanical properties referred to in 9.2 
for different ruling sections is given in Tables 6 and 7 as a guidance. 

9.2.2 The properties given in Tables 6 and 7 are applicable to test 
pieces taken on rounds in the direction of the fibre, the axis of which 
corresponds to Fig. 1, 

10. METALLURGICAL PROPERTIES 

10.1 The microstructure of the steel shall be fixed by mutual agreement 
between the purchaser and the manufacturer. When the material is 
required in spherodized annealed condition it will have a microstructure 
which is characterized by a high degree of spherodization of at least 90 
percent of carbides, as revealed by a microstructure properly prepared 
and etched and viewed at a magnification not less than x 500. 

Note — It should be taken into account that the spherodization of the cementite 
is more difficult for steeb with lower carbon content* 

10.2 If for the steel grades included in Tables 2 and 3, a controlled 
austenitic grain size is required then the austenitic grain size will be 
determined according to IS : 2853-1 964§ and should be between 5 to 8. 
The portion of grains of other sizes ( outside 5 to 8 ) shall be less than 20 
percent and must not be coarser than 4. 

♦Methods for Brinell hardness test for metallic materials ( second revision ). 
tMethod for tensile testing of steel products ( first revision )# 
jlzod impact test for metals (first revision ). 
§Method of determining austenitic grain size of steel. 
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TABLE 6 RECOMMENDED MECHANICAL PROPERTIES ACHIEVABLE 
IN COMMONLY USED STEELS IN HARDENED AND 
TEMPERED CONDITION 



( Clauses 9.2A and 9,2.2) 



Steel Dbsig- 

KATIOU 


Tensile 
Strength 

MPa 


0*2 PjBROEKT 

Proof Stress 
MPa Min 


Minimum 

PERCEafTAGE 

OF Elongation 
5d 


Percentage Limiting 
Impact RA Ruling 
Strength Section, mm 

JOTJLES 


20C8 


540-690 
490-640 


370 
295 


20 
22 


45 

50 


39 
39 


16 

40 

100 

16 

40 

100 

16 
40 
100 


2508 


580-730 
540-690 


390 
330 


18 
20 


45 
50 


30 


35C8 


620-770 
580-730 
540-690 


420 
365 
325 


17 
19 
20 


40 
45 
50 


29 
29 
29 


40C8 


660-810 
620-770 
580-730 


450 
390 
340 


16 
18 
19 


40 
45 
50 


20 
20 


16 

40 
100 


45C8 


700-850 
660-810 
620-770 


460 
410 
375 


14 
16 
17 


25 

40 
45 


20 
20 
20 


16 

40 

100 


40Cr4 


1 000- 1 200 
900-1 180 
800-950 


800 
680 
570 


11 
12 

14 


40 
45 
50 


25 
29 
29 


16 
40 
100 


40Cr4Mo3 


1 100-1 300 

1 000-1 200 

900-1 100 


900 
750 
700 


10 
11 
12 


40 
45 
50 


25 
29 
34 


16 
40 
100 


10.3 Inclusion rating 


of the specimen shall not exceed the 


following 


limits: 


















Thin 




Heavy 






A 


2 






1-5 






B 


2 






1-5 






C 


2 






1-5 






D 


2 






r5 





10*3*1 Inclusion rating shall be determined in accordance with 
IS : 4163-1967*. The worst field of each inclusion from each specimen 
shall be recorded as a rating for the specimen. 

Note — In case of minimum sulphur specified, the level of sulphide inclusion 
shall be mutually agreed to between the purchaser and the supplier. 



♦Methods of determination inclusion content in steel by microscopic method. 
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11. HARDENABILITY 

11,1 For steels ordered on the basics of end-quenched hardenability the 
requirements shall be mutually agreed to between the purchaser and the 
manufacturer. 

11.1.1 The method of testing Jominy hardenability of steel shall be in 
accordance with IS : 3848-1981*. 

11.1.2 For steels ordered on the basis of core hardenabilityj the values 
should be as given in Appendix C. The hardening process should be 
as given in Appendix C. 



TABLE 7 MECHANICAL PROPERTIES OF CASE HARDENING STEELS IN 
THE REFINED AND QUENCHED CONDITION ( CORE PROPERTIES ) 

( Clauses 9.2A and 9.2.2 ) 



Sl 


STiJIEIi 


Tensile 


Elongation, 


IZOD 


Limiting 


No. 


Designa- 


Strength, 


Miriy Gauge 


Impact 


Ruling 




tion 


Min 


Lestgth 
5-65 i/A 


Value, Min 
( If Specified ) 


Section 






MPa 


Percent 


Joules 


mm 


i) 


10C4 


500 


17 


55 


15 


n) 


14C6 


500 


17 


55 < 


Over 15 










Up to 30 


iii) 


11G15 


600 


17 


55 


30 


iv) 


15Cr3 


600 


13 


48 


30 


V) 


16Mn5Cr4 


800 


10 


35 


30 


vi) 


20MnCr5 


1000 


8 


38 


30 


vii) 


l6Ni3Cr2 


700 


15 


41 


30 


viii) 


16Ni4Cr3 


850 


12 


41 


30 






800 


— 





60 






750 


— 


_ 


90 


ix) 


13Nil3Cr3 


850 


12 


48 


60 






800 


— 


. 


100 


X) 


15Nil6Gr5 


1 350 


9 


35 


30 






1 200 


— 





60 






1 150 


._ 





90 


xi) 


20Ni7Mo2 


850 


12 


62 


30 






700 


— 





60 


xii) 


20Ni7CrMo2 


900 


11 


41 


30 






800 


.» 




60 






750 








90 


xiii) 


15Ni5Gr4Mol 


1000 


9 


41 


30 






950 


— 





90 


xiv) 


15Ni7Cr4Mo2 


1 100 


9 


35 


30 






1000 





,.^^ 


60 






950 








90 


xv) 


16Ni8Cr6Mo2 


1 350 


9 


35 


30 






1 200 


— 





60 






1 150 


— 


„ 


90 




Note — Core properties for wire 


diameter 12 mm ; 


and below should 


be mutually 


agreed. 























•Method for end quench testing for hardenability of steel {Jirsf revision ). 
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>28 




>28 



^ 





^28 




^28 



N 



01 

q: 



TENSILE TEST PIECE 



IMPACT TEST PIECE 



All dimensions in millimetres. 

Fig. 1 Location of the Test Piece in the Products to be Delivered 
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12- SAMPLING 

12.1 For the purpose of this standard, products belonging to the same 
cast and same annealing condition shall constitute a lot. Samples shall be 
tested. from each lot. 

12.2 The ladle analysis shall be supplied by the producer. If a product 
analysis is required by the purchaser at least one sample product 
shall be taken from each heat. 

12.2.1 For product analysis the selection of samples shall be carried 
out in accordance with IS : 3711-1966*. 

12.3 For determination of hardness of annealed materials, one sample 
product shall be taken for each lot, subject to the minimum of at least two 
samples from each heat. 

12.4 Test pieces for mechanical tests shall be taken in the longitudinal 
direction of the product in accordance with Fig. 1. Two test pieces shall 
be taken from each annealing batch. 

12.5 General condition for selection and preparation of samples shall be 
in accordance with IS : 3711-1966*. 

13. RETESTS 

13.1 Retest for Product Analysis ~ If the results of the product 
analysis do not meet the composition requirements given in Tables 1 to 4, 
unless otherwise agreed to between the purchaser and the manufacturer, 
two new samples shall be taken on different pieces from the same 
cast. Should the two analysis satisfy the requirements, the lot represented 
shall be accepted. Should either of the two tests fail, the material shall 
be taken as not complying with this standard. 

13.2 Retests for Hardness and Mechanical Tests — If the samples 

selected under 12.3 and 12.4 fail to meet the requirements under 9.1.1 
and 9.2.1 two further samples shall be selected from the same heat-treat- 
ment batch. The consignment shall be considered to conform to the 
requirements if both the additional tests are satisfactory. Should either 
of the samples fail, the manufacturer shall have the right, if he so desires, 
to reheat-treat the product in any suitable manner, before two fresh 
samples are taken for testing. Should the two tests satisfy the requirements 
of this standard, the lot represented shall be accepted. Should either of 
the samples fail the material shall be taken as not complying with this 
standard. 



♦Method for selection and preparation of samples and test pieces for mechanical 
tests for wrought steel. 

18 



IS : 11169 ( Part 1 ) - 1984 

14. PACKING AND MARKING 

14.1 Steel bars shall be suitably bundled and packed as per order. A 
metal tag, giving the following informations, shall be attached to each 
bundle: 

a) Name and trade-mark of the manufacturer, 

b) Steel grade, and 

c) The cast number or any other identification by which the steel 
can be traced to the cast and heat treatment batch from which 
it was made. 

14.1.1 The colour code scheme specified in IS : 2049*1978* as required 
by the purchaser may be adopted to mark the grade of the material. 

14.2 The material may also be marked with the ISI Certification Mark. 

Note — The use of the ISI Certification Mark is governed by the provisions of the 
Indian Standards Institution ( Certification Marks ) Act and the Rules and Regu- 
lations made thereunder. The ISI Mark on products covered by an Indian Standard 
conveys the assurance that they have been produced to comply v^rith the require- 
ments of that standard under a well-defined system of inspection, testing and quality 
control which is devised and supervised i>y ISI and operated by the producer. ISI 
marked products are also continuously checked by ISI for conformity to that 
standard as a further safeguard. Details of conditions under which a licence for the 
use of the ISI Certification Mark may be granted to manufacturers or processors, 
may be obtained from the Indian Standards Institution. 



APPENDIX A 

( Clause OA ) 

BASIS FOR ORDER 

A-1. While placing an order for the steels covered by this standard the 
purchaser should specify clearly the following: 

a) Grade; 

b) Quality ( requirement class ); 

c) Size; 

d) Finish; 

e) Tests required; 

f ) Special requirments, such as coatinjg, bundling or packing; 

g) Method of manufacture; and 
h) Test reports, if required. 



♦Colour code for the identification of wrought steels for general engineering 
purposes {first revision ). 
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APPEND IX B 

( Clause 7.3 ) 

TEST TO ENSURE THE FREEDOM FROM HARMFUL 

DEFECTS 

B-1. The cold heading test applies only for products having diameter 
between 6 mm and 30 mm ( both figures included ). If this test is 
required and if not otherwise agreed at the time of enquiry and order, 
straight test pieces with parallel cut and faces and an initial height of 
ho ^^^ 1*5 X do {do = diameter of the test piece ) are to be prepared 
without altering the original surface of the same product. Samples from 
products which have not been heat-treated after hot-rolling may be 
transformed into the heat-treated condition to be obtained prior to cold 
heading. 

B-2. The test pieces for cold heading test shall be headed, at ambient 
temperatures to one-third or one-fifth of their initial height or as agreed 
to between the purchaser and the supplier. If for very large sample 
diameter or insufficient capacity of the press the heading test cannot be 
carried out at ambient temperature, it may be carried out, after agree- 
ment, at approximately 500*^G. Where necessary, other requirements 
and test conditions can be agreed to at the time of enquiry and order, 

B-3* The frequency and intensity of the perfection on the cold headed 
test pieces for acceptance shall be as below: 

Grade — No cracks 

01 — Cracks width 0*10 mm 

1 — Cracks width 0'lO/0-25 mm 

2 — Cracks width 0*25/0'50 mm 

The heat is acceptable if ( a ) not more than 10 percent samples 
show grade 01 and ( b ) no sample shows grade I or higher. 

Any other acceptance criterion for cold heading test has to be 
mutually agreed upon, 

B-4. Minimum of 10 or 10 percent coils per lot/cast shall be tested for 
above at both ends of coil. For rods up to 500 in number, the sample 
shall be 1 percent or 10 pieces, whichever is more at both ends and 
above 500 bars in a lot, the samples taken shall be 1 percent. 
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APPENDIX C 

{ Clauses 2.2 and n. 1. 2) 

DIAMETER UP TO WHICH, AFTER QjUENCHING IN AN OIL 

OF HIGH Q.UENCHING CAPACITY, A HARDNESS OF 40, 

45 OR 48 HRG CAN BE ACHIEVED FOR THE CORE 

(THE VALUES ARE FOR GUIDANCE ONLY) 



Steel Designation Hardness 
( Old Designation ) in the Core 

(HRC) 


Maximum 
Dia 
( mm ) 


Hardening Temperature 


35C8 


40 


8 


840-880 


40C8 ( C 40 ) 


40 


11 


830-860 


45C8 ( C 45 ) 


40 


12 


830-860 


20G15 (20 Mb 2 ) 


— 


— 


— 


27C15(27Mn2) 


— 


— 


— 


37C15 (37 Mn 2 ) 


40 


15 


820-850 


35Mn6Mo3 ( 35 Mn 2 Mo28_) 


— 


— 


— 


40Gr4 ( 40 Cr 1 ) 


40 


28 


850-880 


40Cr4Mo3 ( 40 Cr 1 Mo 28 ) 


48 


28 


850-880 


25Grl3Mo6 ( 25 Cr 3 Mo 5^ ) 


— ■ 


— 


— 


40 Ni 14 ( 40 Ni 3 ) 


— 


— 


— 


35Ni5Cr2 ( 35 Ni 1 Cr 60 ) 


— 


— 


— 


30Nil3Cr5 ( 30 Ni 4 Cr 1 ) 


— 


— 


— 


21C10BT 


40 


12 


880 


26C10BT 


40 


16 


880 


34C14BT 


40 


26 


850 


38Cr4Mn2BT 


— 


— 


— 


Note — For steels where no valvies have been indicated 
be mutually agreed, if necessary. 


, the requirements should 
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INTERNATIONAL SYSTEM OF UNITS ( SI UNITS ) 

Bas« Units 

Quantity 

Length 

Mass 

Time 

Electric current 

Thermodynamic 
temperature 

Luminous intensity 

Amount of substance 

Sapplexneaitary Units 

QjJAKTITY 

Plane angle 
Solid angle 

Derived Units 



Quantity 

Force 

Energy 

Power 

Flux 

Flux density 

Frequency 

Electric conductance 

Electromotive force 

Pressure, stress 



Unit 

metre 
kilogram 
second 
ampere 
kelvin 

candela 
mole 



Unit 

radian 
steradian 

Unit 

newton 

joule 

watt 

weber 

tesla 
hert7 
Siemens 
volt 

pascal 



Stmbo 
m 
kg 

8 

A 

K 

cd 
moi 



Symboi. 

rad 
sr 



Symbol Definition 

N 1 N - I kg.m/s* 

J 1 J - 1 N,m 

W 1 W== lJ/» 

Wb 1 Wb -= 1 V.t 

T 1 T = 1 Wb/m^ 

Mz 1 Hz - I c/s (s"») 

S 1 S - 1 A/V 

V 1 V - 1 W/A 

Pa 1 Pa - 1 N/m^ 



